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Abstract
Background: Hispanic women and children who become overweight or obese are at risk for developing
prediabetes, type 2 diabetes, and cardiovascular disease later in life. Interdisciplinary interventions which target
Hispanic women and their 3–5-year old children to improve nutrition and physical activity behaviors, manage
adiposity and weight in mothers, and prevent excessive adiposity and weight gain trajectory in their children offer
promise to break the intergenerational cycle.
Methods: Using a randomized two-group, repeated measures experimental design, the goal of the proposed study is
to investigate the efficacy of a 12-week nutrition and physical activity program including education, coping skills
training, and home-based intervention in Hispanic women and their 3–5-year old children. The program includes 6
months of continued monthly contact to help overweight and obese Hispanic mothers and their children improve
adiposity, weight (trajectory for children), health behaviors (nutrition and physical activity), and self-efficacy We will
partner with two federally qualified health departments in Durham and Chatham counties, North Carolina to enroll
participants. We will partner with community centers to deliver the intervention. A total of 294 Hispanic women with a
BMI≥ 25 kg/m2 and 294 Hispanic 3–5-year old children with a≥ 25th BMI percentile will be enrolled over 4 years and
randomized to the experimental or equal attention control group. Data will be collected at Time 1 (0months
[baseline]) to Time 2 (9months [completion of the intervention]) and Time 1 to Time 3 (15 months [after 6 months
with no contact from the study staff]). Data collected will include adiposity and weight in mothers and children
(primary outcomes). Secondary outcomes will include health behaviors and self-efficacy in the mothers and in the
children. We will also evaluate the cost of delivering the program for public health departments. We will use general
linear mixed models to test the hypotheses.
Discussion: Decreasing overweight and obesity in Hispanic women and slowing adiposity and weight gain trajectory
in young Hispanic children is urgently needed to decrease morbidity, mortality, and future health care costs.
Trial registration: NCT03866902. (March 7, 2019).
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Background
There is an urgent need to prevent excessive adiposity
and weight gain trajectory in Hispanic children. In the
United States (U.S.), overweight (BMI ≥ 85th and < 95th
percentile) and obesity (≥ 95th percentile) are prevalent
in both genders, affect all ages, and cross all ethnic
groups, though minority children from families with
lower incomes and less education are particularly high-
risk [1]. The 2011–2012 prevalence of overweight and
obesity in 2-to-19 year old Hispanic youth is 38.9%, non-
Hispanic Black youth is 35.2%, while non-Hispanic
White youth is 28.5% [1]. Obesity increases risk for de-
veloping prediabetes, type 2 diabetes, and cardiovascular
disease [2, 3]. Childhood obesity is estimated to cost $14
billion annually in direct medical costs in the U.S. [4, 5].
There are currently 55.3 million Hispanics living in the
U.S. [6]. In 2016, Hispanics accounted for 9% of the popu-
lation in North Carolina [6]. Overweight and obesity in
Hispanic mothers and their children involve a complex
interplay between acculturation, the food environment,
the built environment, the influence of media, and a lack
of support [7]. Many Hispanic men work long hours,
while mothers stay home to care for their children without
close family support [7]. Greater acculturation is signifi-
cantly associated with increased consumption of fast foods
and decreased moderate-to-high intensity exercise [8, 9].
Many communities where Hispanics live lack access to
healthy affordable food and have only one-third as many
supermarkets as other communities [10]. Confronted with
an abundance of low cost, calorie-dense, high fat food,
and limited access to fresh produce, Hispanics increase
their intake of calories and fat and decrease their intake of
fruits and vegetables [7, 11].
Transportation, infrastructure, and safety issues limit
Hispanic mothers’ and children’s options for physical ac-
tivity. Mothers engage in less physical activity than in their
home country where most did not own cars, televisions,
or computers and where they were more likely to include
physical activity in their everyday life [7, 11]. Hispanic par-
ents also report barriers to their children’s physical activity
[12], including neighborhood safety and transportation
problems [12]. Hispanic children are less likely than non-
Hispanic White children to be involved in organized
physical activity outside of school [12]. The media also
contributes to the lack of healthy eating and physical ac-
tivity. In 2015, advertisers spent more than $7.8 billion on
restaurant, food, and beverage advertising targeting His-
panic households [13]. Hispanic children spend more time
watching television than non-Hispanic White children
(321min per day versus 216min) [14], and the number of
hours spent watching television is positively associated
with overweight and obesity [15, 16]. We will work with
mothers to help them increase their own and their chil-
dren’s physical activity.
Mothers influence children’s nutrition and physical ac-
tivity behaviors by modeling health behaviors, structur-
ing children’s activities, and selecting content and
portion sizes of meals [17–20]. Mothers have more in-
fluence when children are in the preschool stage than in
later stages of development [21]. Three to 5 year olds
are able to pay attention to activities, think in logical
steps, have good language skills, run, jump, skip, and so-
cially and emotionally start to share, cooperate, and take
turns [22]. We propose to teach mothers strategies to
improve their own nutrition and physical activity behav-
iors, build their self-efficacy for these behaviors, and
learn how to help their children eat healthier and in-
crease physical activity. We will focus on 3–5- year-olds
because our pilot work indicates that they are develop-
mentally more prepared for intervention than younger
children [23].
Nutrition and physical activity programs used in the
general population that were found to be most effective
incorporated both behavioral and cognitive strategies and
included parental involvement [19, 24, 25]. To date, we
have found no interventions that have been developed to
help Hispanic mothers who are overweight or obese man-
age their weight and prevent excessive adiposity and
weight gain in their young children using a culturally and
language tailored intervention. We propose to test the effi-
cacy of nutrition and physical activity education, coping
skills training, and physical activity intervention (Healthy
Mothers-Healthy Children Intervention) tailored to His-
panic mothers and using an age-appropriate nutrition and
physical activity intervention for their children (Color Me
Healthy) [26]. Coping skills training includes social prob-
lem solving, cognitive restructuring, assertiveness training
and conflict resolution to improve self-efficacy [27–31].
We will provide support as mothers increase their self-
efficacy, practice new nutrition and physical activity be-
haviors, and help their children eat healthier and increase
physical activity.
Methods/design
The aims of the study are as follows.
Aim 1: Test the efficacy of the intervention in slowing
adiposity and weight gain trajectory and improving
health behaviors (nutrition and physical activity) in 3–5-
year-old Hispanic children from Time 1 (0 months
[baseline]) to Time 2 (9 months [completion of the inter-
vention]) and Time 1 to Time 3 (15 months [after 6
months with no contact from the study staff]).
Aim 2: Test the efficacy of the intervention in decreas-
ing adiposity and weight and improving health behaviors
and self-efficacy in overweight or obese Hispanic mothers
from Time 1 to Time 2 and from Time 1 to Time 3.
Primary outcomes include slowing of child adiposity
(waist circumference and triceps and subscapular
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skinfolds) and weight gain (BMI percentile) trajectory
and a decrease in mother’s adiposity and weight (BMI).
We hypothesize that intervention group children will
slow the trajectory of adiposity and weight gain, and
intervention group mothers will decrease adiposity and
weight significantly more than the control group. Sec-
ondary outcomes include child and mothers health be-
haviors (nutrition and physical activity) and mother’s
self-efficacy. We hypothesize that intervention group
children and mothers will improve health behaviors and
mothers will improve self-efficacy significantly more
than the control group.
Aim 3: Identify the mediators through which the inter-
vention influences the trajectory of adiposity and weight
gain in children and decrease in adiposity and weight in
mothers. We hypothesize that health behaviors and self-
efficacy may mediate adiposity and weight loss in
mothers and nutrition and physical activity behaviors in
children may mediate a slower adiposity and weight gain
trajectory.
Aim 4: Calculate the cost of implementing the inter-
vention for public health departments and the costs for
mothers participating, from Time 1 to Time 2 and com-
pare these costs to the outcomes of the intervention
(cost-effectiveness) and the potential economic benefits
of these outcomes (cost-benefit analysis). We
hypothesize that the intervention is primarily focused on
knowledge and behaviors in an at-risk population and
may be cost-effective in comparison with other ap-
proaches to managing overweight and obesity.
Exploratory Aim: Determine whether intervention
group mothers in the overweight versus obese BMI cat-
egory benefit equally from the intervention in adiposity,
weight, health behaviors, and self-efficacy.
This study will use a two-group, randomized repeated
measures study design to evaluate the efficacy of the
intervention with 294 dyads of Hispanic mothers with
overweight and obesity and their 3–5-year-old children.
The mothers in the Healthy Mothers-Healthy Children
intervention group will receive a 12-week intensive
intervention and 6months of continued support. The in-
tensive intervention will include 60 min of nutrition and
exercise education and coping skills training, and a 45
min physical activity class and a home-based physical ac-
tivity program handout each week for 12 weeks. The
continued support classes for the mothers in the inter-
vention group will include 60min of classroom discus-
sion regarding problems they are having with nutrition
and physical activity for themselves and their children,
and a 45-min physical activity class monthly for 6
months following the intensive intervention. The chil-
dren in the intervention group will receive an intensive
intervention, which will include 60 min of Color Me
Healthy classes [26] and 45min of free play weekly for
12 weeks. The Color Me Healthy curriculum is focused
on fun interactive nutrition and physical activity which
are designed to engage young children using color,
music and exploring their environment [26]. The contin-
ued support classes for the intervention children will in-
clude a review of the Color Me Healthy classes [26] and
45min of free play monthly for 6 months following the
intensive intervention. Each weekly or monthly class for
mothers and children is a total of 105 min. The equal at-
tention control group mothers will receive English as a
Second Language (ESL) classes for 105 min for 12
weekly classes and then monthly classes for 6 more
months. The equal attention control group mothers will
receive homework assignments to help them practice
their English language skills. The homework handouts
will be at the same frequency as the Healthy Mothers-
Healthy Children intervention group mothers. The equal
attention control group children will receive 105 min of
coloring with crayons and being read stories for 12
weekly classes and then 6 monthly free play classes.
Data will be collected at Time 1 (0 months [baseline]),
Time 2 (9 months [completion of the intervention]), and
Time 3 (15 months [after 6 months with no contact from
the study staff]). Time 2 data will determine the magni-
tude of the intervention effects after the intensive inter-
vention and continued support; Time 3 data collection
will test efficacy after the mother-child dyads have had
sufficient time to implement their new nutrition, phys-
ical activity, and coping skills on their own. These times
were chosen because 3 to 6 months after completion of
an intervention represents a standard length of time for
follow-up in weight reduction studies, and gives mothers
and children the time necessary to make changes in
health behaviors [19].
Setting
The study will build upon established partnerships be-
tween The University of North Carolina at Chapel Hill,
the Chatham County Health Department, and the Dur-
ham County Health Department. Bilingual research as-
sistants (RAs) will distribute brochures, give mothers
information about the study, answer questions, and en-
roll mother-child dyads. This approach worked well in
previous studies [32, 33]. Specifically, over 4 years we
will enroll 36–38 dyads for each cohort in each site in
each of eight rolling enrollment periods that each last 1
month.
We will rent space for the intervention from com-
munity centers with classrooms and playgrounds in
Chatham and Durham Counties. The public health
departments and community centers are situated in
communities where the participants live and are ei-
ther within walking distance from their homes or on
bus lines, increasing the probability of successful
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recruitment and retention for the proposed study. In
previous studies, the mothers drove to the community
centers together [23].
Participants
Inclusion criteria for mothers will be age 18 years or older;
self-identification as Hispanic; a BMI ≥25 kg/m2; residence
with the child; ability to understand spoken Spanish; and
able to consent to join the study and consent for their
child to join the study. Inclusion criteria for children will
be age 3–5-years; ability to understand spoken Spanish;
and ≥ 25th BMI percentile for age and gender. Limited
English proficiency (LEP) will be assessed and low accul-
turation will be measured using the Short Acculturation
Scale for Hispanics [34] with a score from 1.00 to 2.99;
Mothers will fill out a health history questionnaire to as-
certain if they have a heart murmur, congenital heart dis-
ease, family history of sudden death, difficulty exercising
or psychological problems that would prevent participa-
tion. A sports physical will be conducted by a bilingual
nurse practitioner on all mothers during baseline data col-
lection to ensure that they have no medical problems re-
quiring physical activity restrictions. If a mother answers
yes to any of these health history questions or the nurse
practitioner finds a heart murmur or any other concerns,
she will be excluded from the study and referred to a
health care provider.
Sample size calculation
A total of 250 mother-child dyads, or 125 dyads in each
randomized group, are expected to complete the study.
However, we will enroll 294 mother-child dyads (n = 588
participants) or 147 dyads per group, to take into ac-
count a 15% attrition rate. Our previous studies with
Hispanic mothers with LEP and their children have had
attrition rates ranging from 9 to 15% [23, 33]. Power cal-
culations were performed with POWERLIB20 SAS/IML
modules, which incorporate methods described in
Muller [35]. These methods calculate power for a gen-
eral linear multivariate model that includes repeated
measures data structures, of which a two-group longitu-
dinal design is a special case. Power was calculated on
the use of a separate multivariate model for each out-
come addressed in the aims, incorporating measure-
ments at all available time points. Effect size estimates
were based on the pilot data [23], where estimated
within-subject correlation and standardized mean differ-
ence were .25 and .53, respectively, for mothers’ BMI
and .30 and .59, respectively, for children’s BMI percen-
tiles. For each outcome, power was computed for a test
of the time by treatment interaction at a two-sided sig-
nificance level of .05. For an analyzable sample of 125
mother-child dyads per group (total of 250 mother-child
dyads), calculated statistical power exceeds 95% for both
the test of children’s BMI percentiles in Aim 1 and the
test of mothers’ BMI in Aim 2; if the within subject cor-
relations and standardized mean differences are lower
than observed in the pilot at .20 and .45, respectively,
statistical power will nonetheless exceed 80%. A formal
power analysis was not conducted for Aim 3 because the
focus is on estimation (rather than testing) of direct and
indirect mediation effects. Nonetheless, based on Shrout
and Bolger [36], a sample size of 80 to 85 should provide
power in the 70 to 85% range to detect medium effects
of the intervention on the mediator (e.g., maternal self-
efficacy), and the mediator on the outcomes (e.g.,
mother’s BMI) with a two sided .05 significance level.
Our 250 dyads should provide an adequate sample to
quantify mediation of the relevant variables.
Procedures for minority recruitment and enrollment and
challenges
We will hire only bilingual (Spanish/English speaking)
staff, and all recruitment and intervention materials and
instruments will be in Spanish. Two months before en-
rollment, the bilingual project manager will give a pres-
entation to staff at both public health departments and
place Spanish language brochures in each waiting room.
The brochures will describe the benefits of good nutri-
tion and physical activity and state the eligibility criteria
for study participation. Bilingual RAs will be available in
the waiting rooms on clinic days to share information
about the study with Hispanic mothers. Face-to-face in-
formation classes worked well in our feasibility and pilot
studies and we were able to enroll a sufficient number of
participants each week [23]. If mothers are interested,
the RAs will privately record their name and telephone
number and schedule them for an enrollment screening
telephone call. This technique also worked well in our
pilot study, which included mother-child dyads with LEP
[23]. Of 82 mother-child dyads approached in the pilot,
68% (n = 56) consented to participate over 1 month [23].
We plan to enroll approximately 10 mother-child dyads
per week. However, we have built into the timeline add-
itional time for enrollment for each cohort if needed. If
we have any difficulty enrolling participants, we will
work with both health departments to seek advice on
how to improve enrollment in the study.
The bilingual project manager and bilingual staff will
conduct a private telephone screening and ask mothers’
height and weight and their child’s gender, birthdate,
height, and weight, calculate BMI for mothers and BMI
percentile for children. If both mother and child meet
the study criteria, an appointment will be made to meet
at the community center to confirm eligibility; the bilin-
gual RAs will measure height and weight and confirm
BMI and BMI percentile. If eligible, the RA will explain,
in Spanish, the study, requirements of participants, and
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the risks and benefits of participating, and random as-
signment; and all questions will be answered. Only the
mother and one 3–5-year-old child will be eligible to
join the study. Childcare will be available for other chil-
dren the mother brings with her in addition to her 3–5-
year-old child. Data collection with mother-child dyads
will occur in the morning or early afternoon when the
mother’s older children will be in school. Physiological
data collection will be done in a private room. Bilingual
RAs will collect the following data in the same order:
health history questionnaire, sports physical, height,
weight, waist circumference, triceps and subscapular
skinfolds. The mothers will fill out their questionnaires
in a group with a bilingual RA who will read all ques-
tionnaires in Spanish. Data collection will take 75 min
for each mother-child dyad.
Procedures for minority retention and challenges
Another challenge will be retention. Weight manage-
ment studies typically have attrition rates ranging from
10 to 30% [19]. To strengthen retention, our classes will
be interactive, with culturally and linguistically tailored
content developed to engage and sustain the interest of
the mother-child dyads. Mothers who miss class will be
offered a make-up class over the phone, and reminded
when the next class will be held. Additional incentives
will include childcare for other children who accompany
mothers and their 3–5- year-olds to class and recipes
and handouts in Spanish on how to improve their chil-
dren’s nutrition and physical activity behaviors. Mothers
will be asked for telephone numbers of several family
members and permission to call them if we cannot reach
them. We will be as flexible as possible in scheduling en-
rollment and data collection appointments and provide
tokens of appreciation such as birthday cards and a
quarterly newsletter with updates on the study. Mothers
in both groups will receive $50 after each data collection.
These approaches proved successful in our pilot study
with Hispanic mothers with LEP, where attrition was
only 9–15% [23] and those mothers who stopped com-
ing had moved out of the state. We will make every ef-
fort to keep our attrition rate lower than the projected
15%. If retention rates drop below 85%, we will contact
the mothers to ask why they stopped coming and de-
velop strategies to meet the needs of each mother to as-
sist them to continue in the study if possible.
Intensive intervention for mothers
The intensive intervention classes were co-created with
Hispanic mothers with LEP [23, 37, 38]. Classes will be
run by a bilingual interventionist and will be 60 min long
with 18–19 mothers. We chose 18–19 mothers since
these mothers will be enrolled together and this cohort
approach worked well in our previous studies [23, 38].
Classes will include nutrition and physical activity edu-
cation and coping skills training using problem solving,
assertiveness training, cognitive restructuring, and con-
flict resolution around problems of nutrition and phys-
ical activity for mothers and their children. The
nutrition classes will be based on the dietary guidelines
and the Mediterranean diet will include content on un-
derstanding calories, protein, carbohydrates and fat,
making healthy substitutes that are culturally acceptable,
choosing healthy foods when eating out at a favorite fast
food restaurant, using actual menus, and understanding
how portion control can make a difference for them and
their children using food models and food labels in
Spanish. Mothers will receive information on how to
shop as economically as possible and how to shop at
local farmers’ markets, which are geographically close to
the mother’s homes, where they may have better access
to fresh fruits and vegetables. At the end of each class,
mothers will be asked to set a nutrition or physical activ-
ity goal for the coming week for themselves and their 3-
to-5-year-old child.
Physical activity classes will be held for 45 min after
the intensive intervention classes and will include a
warm-up and then activities such as Zumba, Yoga,
walking, use of light weights and stretch bands, and a
cool-down. The bilingual interventionist will reinforce
the importance of physical activity and ways to in-
crease physical activity for mothers and their children.
The importance of decreasing sedentary behaviors for
mothers and children will be reinforced in all classes.
During the first week, each intervention mother will
receive a pedometer to use as a part of the interven-
tion. Mothers will be encouraged to increase their
physical activity weekly by small increments until they
are physically active 30 to 60 min a day on most days
of the week with their 3–5-year old child. Missed
physical activity classes will not be made up. Mothers
in the intervention group will be encouraged to de-
velop their own home-based physical activity program
using suggestions given in the physical activity class
and a home-based physical activity handout in Span-
ish given after each physical activity class to increase
their and their child’s physical activity. The handouts
will be reviewed with the mothers and physical activ-
ities demonstrated by the bilingual interventionist.
Intensive intervention for children
The children’s classes will include a 60-min session plus
45 min of supervised free play with 18–19 children at
the same time their mothers are in class. Each class will
have 1 teacher and 3 teacher assistants to ensure safety.
The Color Me Healthy [26] curriculum, which consists
of 12 classes in Spanish, was purchased and used for the
pilot study [23]. All of the classes are at a 3–5- year-old
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developmental level and include a CD with music and a
song about the class of the week, colorful picture cards,
and opportunities for the children to try new fruits and
vegetables. Each week the bilingual interventionist will
give mothers a Color Me Healthy [26] handout in Span-
ish that includes strategies for feeding their children
healthier meals and snacks and increasing their daily
physical activity. While their mothers are in physical ac-
tivity class, the children will have 45min of physical ac-
tivity (supervised free play) in a playground at the
community center or dance and actively play with the
bilingual interventionist if it is raining.
Continued support
During continued support, intervention mother-child
dyads will return to the community center for classes
once a month for 6 months. The mothers will receive a
calendar at the completion of the intensive intervention
classes with the dates and times and a reminder phone
call several days before each class. As a part of the inter-
vention, mothers will be weighed and then have the op-
portunity to engage in a discussion run by the bilingual
interventionist, who will help mothers solve problems
they have encountered related to nutrition and physical
activity for themselves and their children for 60 min and
then receive a 45min physical activity class. The chil-
dren will meet with a bilingual interventionist to review
a class from the Color Me Healthy [26] curriculum for
60 min and then receive 45 min of free play. If a mother
and child miss a class, the bilingual interventionist will
call and ask how the mother and child are doing and
give the date of the next class. Continued support classes
will not be made up.
Fidelity of the intervention
We have structured the fidelity of the intervention using
the National Institute of Health (NIH), five category
Treatment Fidelity Framework [39]. For category one,
treatment design, both the intervention and control con-
dition will receive different content but will be the same
length, number, and duration of contact over time. The
bilingual interventionists will have experience teaching
health interventions, and the theoretical model is clearly
articulated. For category two, training, the bilingual in-
terventionists will be trained by the principal investigator
(PI) and teach back the intervention to the PI. For cat-
egory three, delivery of the intervention, integrity will be
assessed by observation of two randomly selected classes
per month by the project manager who will use a check-
list to score classes based on pre-identified content, and
drift will be defined as teaching less than 80% of proto-
col content. If drift occurs, the bilingual interventionists
will be retrained until the protocol is followed consist-
ently. We will also use a list of behavioral indicators to
assess the interventionists’ skills in facilitating classes,
engaging mother-child dyads, role playing, problem solv-
ing, providing positive feedback, and goal setting.
Retraining will be provided if problems are found. In our
pilot study [23], we had little difficulty in maintaining
consistency of the intervention. The bilingual interven-
tionists will collect data on attendance at each class, rea-
sons for non-attendance, and make-up classes provided.
Category four, receipt of treatment, will be evaluated
during the class by the bilingual interventionist who will
assess understanding and answer all questions. Category
five, enactment of intervention skills, will be evaluated
during the six monthly continued support classes by the
bilingual interventionist.
Equal attention control group
Mothers in the control group will receive English as a
Second Language (ESL) classes taught by professional
ESL teachers; they will receive the same number of con-
tacts and time as the intervention group mothers (105
min weekly for 12 weeks and 105 min monthly for 6
months). The ESL classes will be offered because when
exit interviews were conducted after the pilot study [23],
mothers were asked if they “were not in the intervention
group, what type of classes would they want?” The
mothers (90%) wanted ESL classes to improve their Eng-
lish. Providing these classes to the control group most
likely will improve enrollment and retention. Children in
the control group will color with crayons and have stor-
ies read and will receive the same number of contacts
and times as the children in the intervention group (105
min weekly for 12 weeks and 105 min monthly for 6
months). The control classes will be held on separate
days of the week from the intervention classes in the
same community centers. Data will be collected from
the mother-child dyads in the control group at Time 1,
Time 2, and Time 3; and the mothers will receive $50
each time. Mothers will be called several days before
classes and data collection to remind them. Mothers will
receive a pedometer after they have completed Time 3
data. Attrition rates in our previous studies were equal
in the intervention and control groups and ranged from
9 to 15% [23].
Measures
All instruments are in Spanish and have been adapted
for mothers with LEP and used and evaluated in our
feasibility and pilot studies [23] and found to have excel-
lent reliability and validity. Bilingual RAs blinded to
study group assignment will collect data. The PI will
train the project manager, who will train the RAs using
a standardized system for collecting physiologic and
questionnaire data. We will develop a training manual
for collecting physiological data and administering
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questionnaires, and copies will be given to the RAs. To
ensure inter-rater reliability, RAs will be trained and
tested for inter-rater reliability prior to each data collec-
tion on height, weight, waist circumference, and triceps
and subscapular skinfolds. Questionnaires will be read to
the mothers by a bilingual RA. As a part of the Time 1
data collection, mothers will be asked to fill out a Health
History Questionnaire and will receive a physical to
make sure they do not have any medical conditions that
would exclude them from joining the study.
Weight status
In a private room, height and weight will be measured
twice on all children and mothers in street clothes without
shoes and then averaged. Height will be measured using a
stadiometer, calibrated in 1/8-cm (cm) intervals. Weight
will be measured to the nearest 0.1 kg using a Tanita WB-
110A Digital Scale. For children, BMI percentiles will be
calculated via standard computer software by inputting
height, weight, age, and gender [40, 41]. Children with a
BMI ≥ 85th and < 95th percentile for age and gender are
overweight, and those at or above the 95th percentile are
classified as obese [43]. BMI in mothers will be calculated
via standard computer software, by entering height and
weight [41]. Overweight is defined as a BMI 25.0 kg/m2 to
29.9 kg/m2 and obesity is defined as a BMI ≥ 30.0 kg/m2
[42].
Adiposity
Waist circumference in children and mothers will be mea-
sured as in “The Insulin Resistance Atherosclerosis Study
(IRAS)” using a Figure Finder measuring tape (Novel
Products Inc., Rockton, IL) [43]. Two RAs will measure
waist circumference in mother-child dyads three times
and averaged following the National Health and Nutrition
Examination Survey procedures [44–47]. Skinfolds will be
measured in mother-child dyads on the right side of the
body using Lange skinfold calipers. Measures will be taken
three times and averaged. Two RAs will do triceps and
subscapular skinfolds, with one RA measuring and one re-
cording, as recommended by National Center for Health
Statistics [48]. Triceps and subscapular skinfold thickness
will be calculated using the gender-and race-specific
methods of Slaughter et al. [49].
Health behaviors
The Adult Health Behavior Survey [50] was developed
to examine trends in nutrition intake over time. Ques-
tions include: How many times do you eat breakfast per
week? How many times to you eat fast food each week?
How many servings of fruits and vegetables do you eat
each day? All instruments have been tested in the pilot
study [23] and found acceptable for Hispanic mothers.
The Health Promoting Lifestyle Profile II (HPLP II) will
be used to measure health promoting lifestyle behaviors
in mothers [51]. This 48-item, 4-point Likert scale ques-
tionnaire contains statements about personal habits,
with 4 response choices: never, sometimes, often, or rou-
tinely. We will use the scores for the health responsibil-
ity, physical activity, nutrition, and stress management
subscales. The 24-Hour Dietary Telephone Food Recall
is the “gold standard” for collection of individual dietary
data [52]. A bilingual RA will complete a 24-h dietary
food recall for all mothers and for their children by
phone within 1 week after Time 1-Time 3 data collec-
tion; data will be collected for 2 days during the week
and 1 weekend day since many individuals eat differently
during the week and on the weekend [52]. The RA will
follow the procedures established in the pilot study, and
enter the data into NutritionistPro [53], which allows
entry of multi-day diet recall organized by day and/or
meal, diet recall averaging, and a variety of reports.
Accelerometry will be measured for 7 days in mothers
and children at Time 1-Time 3 using the ActiGraph
GT3X+ accelerometer worn on the wrist to capture
physical activity. Accelerometers can estimate the inten-
sity, frequency, and duration of physical activity [54, 55].
Among adults and 3–5- year old children, 5–7 days of
monitoring are required to reliably estimate physical ac-
tivity [55–58]. The bilingual RA will explain the water-
proof watch to mothers, asking them to wear it for 24 h/
day for 1 week. Mothers will be provided with a phone
number to call if they have questions. There will be a
drop box at each community center where the mothers
will drop off the accelerometers after 7 days.
Self-efficacy
The Eating Self-Efficacy Scale [59] will be used to meas-
ure nutrition self-efficacy in mothers. This 25-item in-
strument asks respondents to rate their difficulty in
controlling eating from 1 (no difficulty) to 6 (very diffi-
cult) on two subscales, negative affect and socially ac-
ceptable circumstances. Negative affect eating is related
to emotional eating and socially acceptable eating is re-
lated to overeating at family events and holidays. An-
swers are reverse scored to reflect 1 as very difficult and
6 as no difficulty. The Exercise Self-Efficacy Scale [30]
will be used to record the strength of efficacy beliefs
using 18 questions on a 10-point scale, ranging in 1-unit
intervals from 0 (cannot do at all) through intermediate
degrees of assurance such as 5 (moderately certain can
do) to 10 (certain can do) [30]. Scores are summed and
then divided by 18 to calculate a total score. Higher
scores indicate greater exercise self-efficacy.
Sociodemographic questionnaire
Mothers will complete a demographic data sheet for
themselves and their children. Information on mothers
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will include age, marital status, employment status, so-
cioeconomic status and education level. Questions for
mothers to answer about their children will include age,
birth order, and their general health. Mothers will fill
out a Health History Update Questionnaire. A question-
naire at Times 2 and 3 to ask if they or their children
have developed asthma, diabetes, started steroids, or
started psychiatric medications.
Process evaluation guide
The project manager will observe two randomly selected
classes per month using guide to assess whether classes
are engaging the mother-child dyads and being taught
according to the protocol.
Exit interview
At Time 3 data collection, an interview will be con-
ducted with each intervention group mother to elicit in-
formation about what mothers liked or disliked about
the intervention.
Data management
Participants will be tracked using ID numbers. All data
will be double entered into REDCap by different RAs
with built-in range checks and skip patterns. Compari-
sons will be run on the two versions, and inconsistencies
will be checked against the raw data and corrected. Data
will be verified and stored in a secure server. Data will
undergo range, consistency, and outlier checks. All data
decisions will be recorded in a logbook with an audit
trail. SAS datasets will be created for analysis.
Data analysis
Means, standard deviations, minimums, medians, and
maximums will be determined for each continuous vari-
able; frequencies and percentages will be tabulated for
each categorical variable. Preliminary analyses will be
performed to determine whether, despite randomization,
the intervention and control groups were unbalanced on
gender of the age of the child, age of the mother and
child, or family income. Any variable with an imbalance
between the groups at baseline will be examined to de-
termine whether it is related to any of the outcome vari-
ables. If significant relationships are identified, the
variable will be included as a covariate in the models for
the affected outcome(s) as a potential confounder. An
intent-to-treat analysis will be used in which all subjects
are included in the analysis and analyzed according to
their initial randomized assignment.
Aim 1: To test the efficacy of the intervention in de-
creasing trajectory of adiposity and weight gain in 3-5
year-old children, separate mixed models will be used to
test longitudinal differences between the intervention
and control group means for each outcome across the
study period. Mixed effects models, with a random inter-
cept to account for between-mother or between-child
differences, will be used for repeated measures analyses
of each outcome (child BMI percentile, waist circumfer-
ence, and triceps and subscapular skinfolds). The
dependent variable will be will be the outcome at each
of the three time points; the model will include time
point (categorical), intervention group, and the inter-
action between the two. A test of this interaction will
serve as the overall test of intervention effect, and step-
down tests will be conducted to compare Time 2 and
Time 3 to Time 1, and to estimate how or whether the
intervention effect changed from Time 2 to Time 3,
using a Hochberg correction to account for multiple
comparisons [60, 61]. Results will be summarized
through the least-squares means for each group at each
time point and the mean difference and corresponding
95% confidence interval.
Aim 2: To test the efficacy of the intervention in de-
creasing adiposity and weight in mothers, we will fit mixed
models analogous to those described for Aim 1 with each
of the primary outcomes (mother’s BMI and adiposity
measures: waist circumference, and triceps and subscapu-
lar skinfolds) and secondary outcomes (child health be-
haviors: nutrition and physical activity, mother’s health
behaviors: nutrition and physical activity, and mother’s
self-efficacy: nutrition and physical activity). Aim 3: To
identify the mediators through which the intervention in-
fluences weight management in mother-child dyads, the
approach of Shrout and Bolger [36] will be employed. This
method, based on bootstrapping, builds on established
mediation testing procedures, such as the Baron and
Kenny approach [62] and the Sobel test [63]. Mediation
analyses test pathways by which an explanatory variable
(X) is theorized to influence the mediator (M), which in
turn influences the outcome (Y). Models will be conceptu-
alized for each measure of weight and adiposity for
mothers identified in Aim 1 (Y) and for each proposed
mediator (M), relative to the randomized intervention
group (X). For each model, an effect ratio (defined as the
ratio of the indirect effect to the total effect, yielding the
proportion of the effect that is mediated) and its boot-
strapped distribution will be computed to assess the
strength of mediation. Mediators to be tested are improve-
ments in health behaviors and self-efficacy. For example,
we will analyze the effect of the intervention on change in
maternal self-efficacy from baseline to Time 2, and, in
turn the effects of this change in maternal self-efficacy at
Time 2 on change in maternal BMI at Time 3.
Sensitivity analyses for Aims 1–3. Site will be in-
cluded in all the models, and we will explore for evi-
dence of differential effects across cohort or site. The
primary analyses use all available data, but if there is
evidence of differential missingness by treatment
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group, we will use imputation methods as a sensitivity
analysis.
Aim 4: We will calculate the incremental cost-
effectiveness of the intervention, carried out from
society’s perspective, as:
CEij ¼ Ci−C jEi−E j
Where C is cost over the time period of the study; E is
effectiveness measured by the outcomes; i refers to the
intervention and j refers to the control group. We will
calculate cost-effectiveness for the principal outcomes of
the study; including cost per unit of BMI reduction, and
cost per unit of improvement on the nutrition and phys-
ical activity self-efficacy scales. We will carefully track
and calculate the costs of the program intervention ac-
tivities and the control group activities, in order to
measure the differences between the costs in the two
groups. These costs will include hiring interventionists
for all aspects of the Healthy Mothers-Healthy Children
intervention. We will track the time invested in the pro-
gram by participants in both the intervention and con-
trol group and calculate the value of time (opportunity
cost) relative to the mothers’ average income. Explora-
tory Aim: Analyses will be performed on weight status,
adiposity, health behavior, and self-efficacy to explore
whether the intervention effects for mothers are similar
for those who are overweight (BMI 25–29.9 kg/m2) and
those who are obese (BMI ≥30 kg/m2). The mixed
models described for Aims 1 and 2 will be implemented
for each of the weight status, adiposity, health behavior,
and self-efficacy variables, with the addition of four ex-
planatory variables to each model: an indicator for the
obese group, the interaction between this indicator and
the indicator variable for group membership, the inter-
action between this indicator and time, and the three-
way interaction among the group indicator, obese indi-
cator, and time. The hypothesis test for the three-way
interaction as well as the obesity indicator by group indi-
cator interaction jointly equal to zero will indicate
whether the intervention effects are homogeneous across
BMI ranges. For each outcome, differences will be calcu-
lated to test the effects of the intervention versus control
group at each follow-up point separately for each BMI
range. Similar analyses will be performed with groupings
of children in the 25th–84.9th percentile (normal
weight), 85th–94.9th percentile (overweight) and ≥ 95th
percentile (obese).
Conclusion
The Healthy Mothers-Healthy Children study will pro-
vide data on the evidence of management of overweight
in Hispanic mothers and prevention of excessive weight
gain in 3-to-5-year old Hispanic children. This study has
the potential to change management of mothers and
children and provide public health departments with a
valuable program to improve outcomes in Hispanic
mothers and children.
Abbreviations
BMI: Body mass index; ESL: English for Second Language; LEP: Limited
English Proficiency; NIH: National Institutes of Health; PI: Principal




DCB is the principal investigator of the study. NPM, KMP, ASA, JC, KRE, and
EMP are co-investigators of the study. MSF and HW are consultants of the
study. All of the investigators and consultants contributed to developing the
research questions and study design. CG is the day-to-day project manager
and CL is the lead research assistant. DCB, NPM, KMP, ASA, KRE, EMP, MSF,
HW, CG, CL, and YIC contributed equally to implementation of the study
protocol. All authors contributed in the development, read, and approved
the final manuscript.
Funding
This study is funded by the National Institutes of Health and the National
Institute of Nursing Research 1R01NR017199–01. The funding body was not
involved in the design of the study and will not be involved in data
collection, analysis, and interpretation of data or in writing this manuscript.
Availability of data and materials
Data sharing is not applicable to this manuscript since no datasets have
been generated or analyzed to date. Data will be available after completion
of the study upon reasonable request to the Principal Investigator, Dr. Diane
Berry. The aggregate data will be deposited in the National Institutes of
Health and National Institute of Nursing Research data repository.
Ethics approval and consent to participate
The study obtained Institutional Review Board approval before the study was
started. The University of North Carolina at Chapel Hill, Chapel Hill, North
Carolina (Study Number 17–0979). Written and verbal consent will be
obtained from all women interested in joining the study. Women will
consent for their children’s participation in the study. Women who are
interested in participating will call a toll free number and the project
manager or research assistant will explain the risks and benefits and ask for
the approximate height and weight of the mother and child. If they appear
to meet inclusion criteria study staff will meet the women at the community
site and eligibility confirmed. If both the mother and child meet criteria, the
mother will be read the consent in Spanish. The risks and benefits of
participating will be reviewed. Joining the study is voluntary and they can
stop at any time. Refusing to join the study or stopping the study will not
affect their care. After all questions are answered the woman will be asked
to consent for herself and her child. She will be given a copy of the consent.
If she has concerns at any time she will be encouraged to contact the study




The authors declare that they have no competing interests.
Author details
1School of Nursing, The University of North Carolina at Chapel Hill, Campus
Box 7460, Chapel Hill, North Carolina 27599-7460, USA. 2Department of Social
Medicine, The University of North Carolina at Chapel Hill, 333 South
Columbia Street, MacNider Hall, Room #348 / CB #7240, Chapel Hill, NC
27599-7240, USA. 3Gillings School of Global Public Health, Department of
Nutrition, The University of North Carolina at Chapel Hill, CB#7426, Chapel
Hill, NC 27599, USA. 4Center for Health Promotion and Disease Prevention,
Berry et al. BMC Nutrition            (2019) 5:58 Page 9 of 11
The University of North Carolina at Chapel Hill, CB#7426, Chapel Hill, NC
27599, USA. 5School of Nursing, The University of North Carolina at Chapel
Hill, Campus Box 7460, Chapel Hill, North Carolina 27599-8050, USA. 6Gillings
School of Global Public Health, Department of Biostatistics, The University of
North Carolina at Chapel Hill, Campus Box 7460, Chapel Hill, North Carolina
27599-8050, USA. 7Gillings School of Global Public Health, Department of
Epidemiology, The University of North Carolina at Chapel Hill, Campus Box
8050, Chapel Hill, North Carolina 27599-8050, USA. 8School and Educational
Psychology, University of Buffalo Graduate School of Education, 420 Baldy
Hall, North Campus, Buffalo, New York 14260-1000, USA. 9Health Economics
Research, Milken Institute, 1250 Fourth Street, Santa Monica, California 90401,
USA. 10Division of Primary Care, Department of Pediatrics, Duke Center for
Childhood Obesity Research, Duke University School of Medicine, DUMC
102645, 146 Civitan Building, 2213 Elba Street, Durham, NC 27705, USA.
Received: 1 September 2019 Accepted: 8 November 2019
References
1. Ogden CL, et al. Prevalence of childhood and adult obesity in the United
States, 2011-2012. J Am Med Assoc. 2014;311(8):806–14.
2. American Diabetes Association. American Diabetes Association standards of
medical Care in Diabetes-2016. Diabetes Care. 2016;39(1):S1–S112.
3. American Heart Association Statistics Committee and Stroke Statistics
Subcommittee. Heart disease and stroke Statistics-2016 update. Circulation.
2016;133(4):e38–360.
4. Finkelstein EA, et al. Annual medical spending attributable to obesity: payer-
and service-specific estimates. Health Aff. 2009;28:822–31.
5. Finkelstein EA, Graham WC, Malhotra R. Lifetime direct medical costs of
childhood obesity. Pediatrics. 2014;133(5):854–62.
6. Stepler R, Brown A. Statisticeal Portrait of Hispanics in the United States.
Pew Research Center. Washington, D.C.: Pew Research Center; 2014.
7. Berry D, et al. Latino caregiver's insight into childhood overweight,
management and their relationship with their health care providers. Hisp
Health Care Int. 2009;7:11–20.
8. Berrigan D, et al. Physical activity and acculturation among adult Hispanics
in the United States. Res Q Exerc Sport. 2006;77(2):147–57.
9. Batis C, et al. Food Acculturation Drives Dietary Differences among
Mexicans, Mexican Americans, and Non-Hispanic Whites. J Nutr. 2011; [Epub
ahead of print].
10. Powell LM, et al. Food store availabiltiy and neighborhood characteristics in
the United States. Prev Med. 2007;44(3):189–95.
11. Ham SA, et al. Physical activity patterns among Latinos in the United States:
putting the pieces together. Prev Chronic Dis. 2007;4:1–13.
12. Bautista L, et al. Perceived barriers to exercise in Hispanic adults by level of
activity. J Phys Act Health. 2011;8(7):916–25.
13. Advertising Age. Hispanic fact pack. Ad Age Res Rep. 2016;2016:1–36.
14. Rideout V, Foehr U, Roberts D, Geberation M. Media in the lives of 8-to-18
year olds. Menlo Park: The Henry J. Kaiser Family Foundation; 2010.
15. Delva J, Johnston LD, O'Malley PM. The epidemiology of overweight
and related lifestyle behaviors: racial/ethnic and socioeconomic status
differences among American youth. Am J Prev Med. 2007;33(4 Suppl):
S178–86.
16. Wiecha JL, et al. When children eat what they watch: impact of television
viewing on dietary intake in youth. Arch Pediatr Adolesc Med. 2006;160(4):
436–42.
17. Thompson JL, et al. Physically active families - de-bunking the myth? A
qualitative study of family participation in physical activity. Child Care
Health Dev. 2009; [Epub ahead of print].
18. Patrick H, Nicklas TA. A review of family and social determinants of
children's eating patterns and diet quality. J Am Coll Nutr. 2005;24(2):83–92.
19. Oude Luttikhuis H, et al. Interventions for treating obesity in children.
Cochrane Database Syst Rev. 2009;2009(1):CD001872. https://doi.org/10.
1002/14651858.CD001872.pub2.
20. Lindsay AC, Sussner KM, Gortmaker S. The role of parents in preventing
childhood obesity. Futur Child. 2006;16(1):169–86.
21. Hoghughi M, Long N. Handbook of parenting: theory and research for
practice. 1st ed. London: Sage; 2004.
22. Berk L. Child Development. 8th ed. Upper Saddle River: Pearson Higher
Education; 2008.
23. Berry D, et al. Adapting, feasibility testing, and pilot testing a weight
management intervention for recently immigrated Spanish-speaking women
and their 2-to-4 year old children. Hisp Health Care Int. 2011;9:186–93.
24. Campbell K, et al. Interventions for preventing obesity in children: Cochrane
review. Oxford: Wiley; 2004. p. 1–37.
25. Summerbell CD, et al. Interventions for preventing obesity in children.
Cochrane reviews. Cochrane Database Syst Rev. 2005;(3):CD001871. https://
doi.org/10.1002/14651858.CD001871.pub2.
26. Dunn C, Thomas C, Pegram L. Color Me Healthy: Preschoolers moving and
eating healthy. Raleigh: North Carolina State University; 2006.
27. Bandura A. Social learning theory. Englewood Cliffs: Prentice-Hall; 1977.
28. Bandura A. Self-efficacy mechanism is human agency. Am Psychol. 1982;37:122–47.
29. Bandura A. Social foundations of thought and action: a social cognitive
theory. Englewood Cliffs: Prentice Hall; 1986.
30. Bandura A. Self-efficacy: the exercise of control. New York: W.H. Freeman; 1997.
31. Bandura A. Health promotion by social cognitive means. Health Educ Behav.
2004;31(12):143–64.
32. Berry DC, et al. Rationale, design, and methodology for the optimizing
outcomes in women with gestational diabetes mellitus and their infants
study. BMC Pregnancy Childbirth. 2013;13:184.
33. deRosset L, et al. Mama sana ... usted sana: lessons learned from a
postpartum weight loss intervention for Hispanic women with infants six
months or less. Hisp Health Care Int. 2013;11(2):78–86.
34. Marín G, et al. Development of a short acculturation scale for Hispanics.
Hisp J Behav Sci. 1987;9:183–205.
35. Muller KE, et al. Power calculations for general linear multivariate models
including repeated measures applications. J Am Stat Assoc. 1992;87:1209–26.
36. Shrout PE, Bolger N. Mediation in experimental and nonexperimental
studies: new procedures and recommendations. Psychol Methods. 2002;7(4):
422–45.
37. Berry DC, et al. Rationale, design, methodology and sample characteristics
for the family partners for health study: a cluster randomized controlled
study. BMC Public Health. 2012;12:250.
38. Berry DC, et al. The family partners for health study: a cluster randomized
controlled trial for child and parent weight management. Nutr Diab. 2014;4:e101.
39. Bellg AJ, et al. Enhancing treatment fidelity in health behavior change
studies: best practices and recommendations from the NIH behavior
change consortium. Health Psychol. 2004;23(5):443-5-51.
40. Centers for Disease Control and Prevention, National Center for Health Statistics:
Overweight Among U.S. Children and Adolescents, National Health and Nutrition
Examination Survey. 1999, http://www.CDC.gov/NCHS/NHANES.htm.
41. Centers for Disease Control and Prevention and http://www.cdc.gov/
nccdphp/dnpa/bmi/bmi-adult.htm, What is BMI? 2004, United States
Department of Health and Human Services. Accessed 31 Oct 2018.
42. Hedley AA, et al. Prevalence of overweight and obesity among US children,
adolescents, and adults, 1999-2002. J Am Med Assoc. 2004;291(23):2847–50.
43. Haffner SM, Howard G, Mayer E. Insulin sensitivity and acute insulin
response in African-Americans, non-Hispanic whites, and Hispanics with
NIDDM: the insulin resistance atherosclerosis study. Diabetes. 1997;46:63–9.
44. National Heart, L.a.B.I. Clinical guidelines on the identification, evaluation,
and treatment of overweight and obesity in adults: The evidence report.
Washington, DC: National Institutes of Health; 1998. p. 1–262.
45. National Heart, L.a.B.I. The Practical Guide to Identification, Evaluation, and
Treatment of Overweight and Obesity in Adults. Washington, DC.: National
Institutes of Health; 2000. p. 1–94.
46. Najjar MF, Rowland M. Anthropometric reference data and prevalence of
overweight, United States, 1976–80. Vital Health Stat 11. 1987;(238):1–73.
47. Davies PSW, Cole TJ. Body composition techniques in health and disease.
New York: Cambridge University Press; 1995. p. 1–282.
48. NCHS, N.C.f.H.S. Anthropometric Reference Data and Prevalence of
Overweight: United States, 1976–1980. Hyattsville: Public Health Service;
1987. Report No.: (PHS) 87–1688 (Vital and Health Statistics; vol. 11).
49. Slaughter MH, et al. Skinfold equations for estimation of body fatness in
children and youth. Hum Biol. 1988;60(5):709–23.
50. Department of Health and Human Services, Health Behavior Survey. Physical
Activity and Nutrition (PAN) Behaviors Monitoring Form. Raleigh:
Department of Health and Human Services; 2004.
51. Walker SN, Sechrist KR, Pender NJ. The health-promoting lifestyle profile:
development and psychometric characteristics. Nurs Res. 1987;36:76–81.
52. Block G. A review of validations of dietary assessment methods. Am J
Epidemiol. 1982;115:492–505.
Berry et al. BMC Nutrition            (2019) 5:58 Page 10 of 11
53. First DataBank. NutriPro Nutritionist 5. San Bruno: First DataBank; 2000.
54. Trost SG, M. K.L., Pate RR. Conducting accelerometer-based activity
assessments in field-based research. Med Sci Sports Excerc. 2005;
37(11Suppl):S531–43.
55. Trost SG, et al. Correlates of adults' participation in physical activity: review
and update. Med Sci Sports Excerc. 2002;34(12):1996–2001.
56. Trost SG, et al. Using objective physical activity measures with youth: how many
days of monitoring are needed? Med Sci Sports Excerc. 2000;32(2):426–31.
57. Johansson E, et al. Calibration and validation of a wrist-and hip-worn
actigraph accelerometer in 4-year-old children. PLoS One. 2016;11(9):
e0162436.
58. Leppänen MH, et al. Physical activity intensity, sedentary behavior, body
composition and physical fitness in 4-year-old children: results from the
ministop trial. Int J Obes. 2016;40(7):1126–33.
59. Glynn SM, Ruderman J. The development and validation of an eating self-
efficacy scale. Cogn Ther Res. 1986;10:403–5-20.
60. Mallinckrodt CH, et al. Recommendations for the primary analysis of
continuous endpoints in longitudinal clinical trials. Drug Inf J. 2008;42:303–19.
61. Mallinckrodt CH, et al. Assessing and interpreting treatment effects in
longitudinal clinical trials with missing data. Biol Psychiatry. 2003;53:754–60.
62. Baron R, Kenny D. The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J
Pers Soc Psychol. 1986;51(6):1173–82.
63. Sobel ME. Aymptomatic confidence intervals for indirect effects in structural
equation models. In: Leinhardt S, editor. Sociological Methodology.
Washington, DC: American Sociological Association; 1982.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Berry et al. BMC Nutrition            (2019) 5:58 Page 11 of 11
